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SUMMARY

A techniqueto obtainefficientinletperformanceoverm mgl.e-of-
attackrsmgeat supersonicWch numbershasbeeninvestigated.Thesys-
temutilizesa pivotingspikeandattachedcowl-lipshelltomaintain
inletalinementwiththeairstreamatallattitudes.Twoisentropiccom-
pressionspikesof35°and39°totalturningwereexaminedwiththepivot-
ingsysta. Criticalpressurerecoveryofthe35°compressionspikeinlet
wasessentiallyconstantat 77percentwithonlya 2-percentlossinmass-
flowratioanda -mum distortionvalueof 7 percentwhenthenacelle
angleofattackwasincreasedfrmnO0 to14°at thedesigntree-stream
Machnmiberof3.0. Peakpressurerecoveriesof 80and86percentwere
obtainedatMach3.0withthe35°and39°compressionspikeinlets,re-
spectively.PerformanceparametersatMachnumbersof 2.0and2.5are
alsopresented.

INTRODUCTION

Optimumperformanceoveran angle-of-attackrange isdesirablefor
alltypesofaircrsEtand,in sanecases,essential(forhighlymaneuver-
ableaircraft).ForhighKch numbers(greaterthan2.0)a multicom-
pressionsurfaceisusuallyrequiredto giveacceptableinletperformance,
andtheshockstructureemanatingfirmsucha surfaceusuallydetermines
thecowl-liplocatimforoptimumperformanceat zerosingleofattack.
Largedecreasesininternalperformancehavebeenexperiencedby conven-
tionalfixed-geometryinletsystemsoperatingat angleofattackandmay
be attributedto (1)theshocksystemno longerbeingon-designbutfa3l-
inginsideoroutsidetheinletorbothandcausingflowdisturbances
alongwitha reductionincapturemassflowand(2)asymmetricflowenter-
ingtheinlet.
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numberW techniquestoalletiatetheadverseflowcontitimns
by conventionalinletsoperatingatangleofattackhavebeen

madeat lowsupersonicMachnumbers(refs.1 to 7). Allthesetech-
niqueshadsomecompromisesin theirdesigns,whichresultedin unfa-
vorableinletflowconditionsin scmeregionoftheirangle-of-attack
range.HigherdesignMachnumberswouldprobablyamplifythepenalties
associatedwiththesecompromises.

A cowl-lipshellattachedtoa pivotingspike,thecombination
capableofalinementwiththeairstreemdirection,hasthedesirable
characteristicofbeingon-designatallanglesofattack.Thisreport
presentstheresultsofan investigationinwhichthistechniquewas
incorporatedinthedesignofa high-performsnceMachntier 3.0~let .
testedat
perfoot,
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Subscripts:
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Superscript:
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attack,deg
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cowl-positionparsmeter,=gle betweensxisof symmetry
sndlinefrm spiketipto cowllip,deg

densityofair

external

IEaximum

mfnfmm

conditionsin

conditionsat

area-weighted

freestream

fiffuserexit

value

APPARAm ANDPRoCEmlRE

A photographofthetestmodelatangleofattackwiththeinlet
alinedwiththefree-streamdlrecticmis showninfigure1. Thetest
vehicle,a 16.46-inch-diameter,102-inch-longmodel,hada movableexit
plugtocontrolthebackpressure.Provisionsforspiketranslation,as
wellas inletpivoting,werealsoincorporated.Forcesweremeasured
withan internalstrain-gagebalance.A schematicdrawingofthetest
model,witha cutawayviewofthepivotinginlet,is shownin figure2.

TWOisentropicspikesweredesignedfromthemethodofreference8
tohavefocusedcmupressionatMach3.0withtotalturningof 35°and
39°,correspondhgtoa 62= 23.65°forbothspikes.Thecowlshell
hada sharp-edgedlipwith32°snd29°externalandinternallip angles,
respectively,(forbothspikes)anda projectedarea20percentofthe
maximumfrontalarea. Thecowllipwasattachedto thespikewiththree
aerodynamicallycontouredstruts.Thespike-cowlshellcmubinationwas
remotelypivotedwithan internallyhousedscrewJack.Allthepivoting
componentsthathadmetal-to-metalcontactwereof sphericaldesignto
permitrotationabouta fixedcenterwitha minimumofairleakage.The

spikesweredesignedwiththecapabilityofl;inchesofremotely
9
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controlledtranslaticmintheconstant-diameterportionofthecenter-
bodyimmediatelyaftofthespikeshoulder.Thisdesignpermittedspike
translationregardlessafthespike-cowlshellangularposition.

Thebleedsystemsusedwiththe35°end39°compressionspikein-
letsareshownindetailinfigure3. Thebleedmassflowwasducted
outfromthecenterbadythroughtwohollowstrutsandejectedtothe
airstresmthroughtworeverse-facingsemiconicaloutletslocatedonthe
outerskinofthemodel(seefig.1).

Total-pressureinstrumentationwaslocatedat stations1.8,6.4,
and68inchesfromthecowllip. Thetotal-pressurerecoverywasob-
tainedfromanarea-weightedaverageof48 total-pressureprobesat
station68. Themass-flowratiowascalculatedusingthestaticpres-
sureat station68andtheassumptionofisentropicflowtoa choked
areaat theplugexit.

.

Thegeomet~ofthepivotinginletcomponentsdictatedtheinitial
portionofthediffuserdesign.Theinternalareavariationforoptimum
performancecalculatedfromexperimentaldataby themethodofrefer-
ence9 atMachnumbersof2.0,2.5,and3.0withrespectivecowl-position
parametersof 24.40°,24.25°,and23.65°ispresentedh figure4.

TheinvestigationwasconductedintheLewis10-by 10-footsuper-
sonicwindtunnelat free-streamMachnumbersof2.0,2.5,and3.0and

.

a Reynoldsnumberof 2.5X106perfoot.
.

RESULTSANDDISCUSSI~

Performanceofthe35°compressionspikeinletconfigurationat
zeroangleofattackovera kch numberrangeandat severalcowl-
positdonparametersispresentedinfigure5. TheMach3.0on-design
performanceofthe35°ccrapressioninletyieldeda criticalpressurere-
coveryof0.78,a dragcoefficientof0.15,anda distortionof0.02.
Onlya small.percentageof subcriticalstabilitywasnotedatMach3.0.
Duringoperationintheunstableregion,a static-pressurefluctuation
ashighas 65percentofthefree-streamtotalpressurewasrecordedat
thecompressorface.A bleedmassflowofapproximately5 percentof
theinletcaptureflowwasremovedfromthespikesurfaceat allthe
Machnumberswiththebleedsystem.Losses-intotalpressurethrough
thediffuserat zeroangleofattacknearcriticalinletoperationare
showninfigure6. Eightypercentofthelossesoccurredintheinitial
10percentofthediffuser.

Theperformanceoftheinletwithpivotingcowlandspikeas com-
paredtotheconventionalfixed-geometryinletispresentedinfigure7
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ata free-streamMachnumberof3.0anda cowl-position
23.60°.Thenacelleangleofattackcouldbe increased

parameterof
from0° to 140

withessentiallyno lossin criticalpressurerecovery(0.77)andwith
onlya 0.0210SSinmass-flowratioad a relatively~l&ht increasein
thedistortionparameter(0.01to 0.07).Lossesof O.11,0.30,smd0.33
incriticalpressurerecovery,accompaniedbyrespectivelossesof 0.01,.
0.06,and0.20inmass-flowmtio,resultedwhenthefixed-geometrynon-
pivotedinletwastestedatanglesofattackof5°,10°,and14°.

Theeffectofadding4° ofexternalcompressiontothe35°spike
resultedinmarginallybetterperformance,however,thepeakpressure
recoverywasincreasedfrcm80to 86percent.FigureS(a)showsthe
performanceofthe39°ccmpressicminletat zeroangleofattackovera
-e ofcowl-positimPam3Jneters,andfigure8(b)showstheeffectof
pivotingthecowlandspikethroughsm angle-of-attackrange.There-
sultsof the39°compressioninletwithpivoting(fig.8(b))wereshilar
tothosewiththe35°compressioninlet,whichsubstantiatestheeffec-
tivenessofthepivotingtechniqueatangleofattack.

Figure9 isa summaryplotdepictingtheeffectofsagleofattack
onthecriticalinletperformancewithandwithoutinletpivotingat a
Machnumberof3.0. b allcaseswhereinletpivotingwasemployed,the
unfavorableeffectsass=iatedwitha conventimalfixed-geometryinlet
oPeratiWat W31e ofat~w weretirtuallyeliminated.Itthusappears
thatthesharpturnoccasionedbythepivotedcowlandspikein thesub-
smic portionofthediffuserhadrelativelylittleeffecton theper-
formanceofthistypeofinletandthatalltheadverseeffectsofamgle
ofattackproducedby thesuperscmicdiffusercanbe eliminatedby alin-
ing only a shortportionofthenacellewiththefreestream.Although
dragdataatangleofattackarenotpresented,thedragincrementbe-
tweenthepivotedandnonpivotedconfigurationswasa verysmallportiou
oftheover-allnacelledragandwaswithintheaccuracyofthebalance
measuraents.

Total-pressurecontoursofthepivotedandnonpivoted35°compres-
sioninletsat thediffuserexitfornearcriticaloperationoveran
angle-of-attackrangearepresentedin figure10. At allanglesof
attack,distortionwasmarkedlyreducedwhenthepivotingtechniquewas
employed.Thelargestdegreeofimprovementinflowdistortionalong
witheliminationofanyflowseparationzoneswasnotedat 10°and14°
anglesofattackwheredistortionsof0.22and0.36werereducedto 0.04
sad0.05,respectively,wheninletpivotingwasemployed.

Shockpatternsat theinletfaceat variouskch nuuibersandangles
ofattacktithandwithoutinletpivotingareshownin theschlieren
photographsin figureIL. Closeexaminationof theshockstructureat

m thedesign~ch numberrevealedtheinitial.conicalshocktobe lying

9
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slightly aheadofthecoalescenceoftheweakshocksemanatingfranthe
isentropicsurface.Thisshockorientationaqcouptedforqbout.O.03 .
lossinm&s-flowratiow%n theinlet-wasopem”tingon-design
(et= 23.650).

SUMMARYOFREWLTS

A pivoting-cowl-and-spiketechniqueforefficientangle-of-attack
operaticmof supersonicinletshasbeeninvestigatedwiththefollowing
resultsat thedesign~ch numberof 3.0:

1.Therewasessentiallyno lossin criticaltotal-pressurere-
covery(0.77),onlya 2-percentlossinmass-flowratio,anda maximum
&l.stortionvalueof0.07whenemplo@ngthepivoting35°compression
spikeinletoverthemodelangle-of-attackrangeof 0°to 14°.

2.Peakpressurerecoveriesof80and86percentwereobtainedwith
the35°and39°cmupressionspikeinlets,respectively.

LewisFlightPropulsionLaboratory —
NationalAdtisoryCommitteeforAeronautics

Cleveland,Ohio,July16,1958

REF!ERmcEs

1.Leissler,L.Abbott,andHearth,&naldP.: Preliminawbvestiga-
tionofEffectofAngleofAttackonPressureRecoveryandSta-
bilityCharacteristicsfora Vertical-Wedge-NoseInletatMach
Numberof1.90.NACARME52E14,1952.

2,Beheim,MiltonA.: A prelbina~bvestigationatMachNumber1.91
ofan blet ConfigurationDesignedforInsensitivitytoPositive
Angle-of-AttackOperation.NACARME53E20,1953.

3.Beheim,MiltonA.: A PreliminaryInvestigationatMachNumber1.91
ofa DiffuserEmployinga PivotedConeto Improve@erationat
AngleofAttack.NACARME53130,1953.

4.Johnston,I.H.: TheUseofllreelyRotatingBladeRowsto Improve
VelocityDistributimsinanAnnulus.Memo.No.M.109,British
NGTE,Feb.1951.



.

tocoo
In

NACARME58G1.la -*

.------ ??$
T-. ‘- A-

7

5.

6.

7.

8.

9.

Carter,HowardS.,ad Merlet,CharlesF.: Preliminarybvestigation
oftheTotal-fiessure-RecoveryCharacteristicsofa Symmetricaud
anAsyzmaetricNoseInletovera WideRangeofAngleofAttackat
SupersoniclkchNumbers.NACARM L53J30,1953.

Dickie,GeorgeD.,Jr.: TheoreticalandExperimentalPressureRe-
coveryofSweptbackNormalShockInlets.Jour.Aero.Sci.,vol.22,
no.3,Mar.1955,pp.189-193.

&hueller,CarlF.,andStitt,LeonardE.: An Met D=signConcept
toReduceFlowDistortionatAngleofAttack.NACARM E56K28b,1957.

Connors,JamesF.,andMeyer,RudolphC.: DesignCriteriaforAxi-
symmetricandTwo-DimensionalSupersonicInletsad Exits.NACA
‘IN3589,1956.

Weber,RichardJ.,andLuidens,RogerW.: A SimplifiedMethodfor
EvaluatingJet-Propulsion-SystmComponentsin TermsofAirplane
Performance.NACARME56J26,1956.



I

I

,. ,! ..,,. . ..,. ”-— !,, . !av- -> 4 -. ---, ,-

Fiwe 1. - Testmodelinetalledin 10-by 10-footsupersonictumel.

, , ,
G90S



i
..

I

● ✟ , , (x-z 5!063 ,

!
1

!-

Inlatand mdel at met pivotedforaD@.a-
Xmo U.gleM attaak of.athokopa’ration

Cmtmayof pivothg spikeawl cowl !lSaudbly
fEEsm

m.gmm 2. - ximntil apattm.

w



1:
..
4

r - 0.C5’In
“-L

‘M
O.OLIn.

+ T2

“T
..2-:<

,-

0.10In. In.

I
%

o
B
.2
D

—

I-III.

’29s r



* m & . IX-2 baok

140
I ~ “

l?ree-Btreem

Wh nwiib8r, / y

% /

120 3.0
——-. 2.5 /
—-— 2.0

i
/

1 { f “ “T ‘ ‘ “- - -

E!100

$

i
Stcut

g 80

‘k!

d ‘

60

Survey
station,

station 3

4 0
0 8 16 24 32 40 48 56 64 72

Axial did%moe frcm OOW1 lip, In.

mgure 4. - Ihternalareadistributimsfar aubmmio diffumr at opt- cowl-pcmltlmpmmetera.



12 NACARM E5&311a

.

.6

d ,

.4 J < .

cowl-PCSition * . .
parameter,
e,,deg

.2
2

A 2s.55
n 2s.60
o 23.65(Designpoint)

z
24.25
24.30

0 a 24,40
0 24.95

Solidaymboladenoteno
1.0 bleed;tailedaymbole

denoteminimumstable
point

6 <
.9 % %

o # . q[
.0 u

o

.7-
3

0

.6
.3 .4 .5 ..6.5- .6 .8 .!3

Exte-1 --flow rat’”,w/w
(a)Free-streamMach (b)Free-etreamMaoh

number,2.0. number,”2.5.

&cI@

(c)Free-streamMach
number,3.0.
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performanceof39°compressionspikeinletatfree-streamMach
numberof3.0. ..
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